Inhibition of goldfish mitochondrial metabolism by in vitro exposure to Cd, Cu and Ni.
Although impairment of aerobic capacities has been reported in metal-contaminated wild fish, little is known about the direct toxicity of the metals themselves at the low concentrations found in the field compared to indirect consequences mediated by metal effects on ecological variables such as prey type and abundance, predation and competition. This study examined the in vitro effects of Cd, Cu and Ni on mitochondrial enzyme activity and maximal (State 3) mitochondrial oxygen consumption rate in goldfish (Carassius auratus) tissues at concentrations representative of values reported in wild metal-contaminated fish. There was little effect of adding metals to liver or muscle homogenates on the activity of citrate synthase (CS), although a slight inhibition of liver CS was observed at the highest Cd concentration tested. In contrast, adding high concentrations of Ni to muscle homogenates increased muscle CS activity. Unlike CS, the metalloenzyme cytochrome C oxidase (CCO) was quite sensitive to metal additions; its activity was consistently enhanced by all three metals tested. When added to liver mitochondrial preparations, both Cd and Cu strongly inhibited State 3 respiration. In contrast, Ni did not affect mitochondrial respiration even at the highest concentration tested. Taken together, these results demonstrate that low concentrations of Cd, Cu and Ni have toxic effects on mitochondrial metabolism and enzyme activities and suggest that the inhibition of aerobic capacities frequently reported for wild metal-contaminated fish is at least partly due to metal effects on mitochondrial function, although the mechanisms probably do not involve direct enzyme inhibition.